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NADIOHAL ADVISOEY CO^METTEE FOR AERONAUTICS 
EESEARCB MBMOSANDUM 

ALTITCmE-EERFOEMAMCE AND EElirOLDS NUMBER INVESTIGATION 
OF CENTRIFUGAL-Fn^Vf-COMERESSOR TURBOJET EtfdENE 
By E. D. Nilsted and R. E. Grey 


SUMMARY 

The performance of a oentrifttgal-flov-comprossor turbojet 
engine ws Inreetigated in an altitude chamber over a range of 
simulated-flight conditions from sea level to 65,000 feet at flight 
Mach numbers from 0.27 to 1,25, 'In addition to showing altitude 
performemce characteristics, the effect of Reynolds number cm alti- 
tude engine performance, oori’ected to standard sea- level conditions, 
is presented. 

Engine performance data could be generalized at altitudes to • 
30,000 feet by conventional methods but could not be generalized for 
hi^er altitudes. At an altitude of 30,000 feet, performance data could 
also be generalized for varying fli^t Macjh number over the range ,of 
engine speeds at which critical flow existed in the Jet nozzle. At 
altitudes above 30,000 feet, engine performance was correlated with 
Reynolds number index based on engine-inlet stagnation conditions. This 
correlation was independent of flight Mach number for the engine speeds 
Investigated (90 and 100 percent of rated speed). An empirical corre- 
lation parameter for ccxiibustion efficiency was presented, which was a 
function of engine operating conditions and correlated all of the data 
except at fuel-air ratios below 0.007. 


INTRODUCTION 

The design and the tactical iise of aircrfeft for ever increasing 
altitudes and flight speeds demands an accurate method for predicting 
engine performance at these flight conditions. Altitude -chamber and 
wind-ttmnel investigations of the perfoamiance of turbojet engines such 
as those reported in references 1 to 4 have shown that the conventional 
correction factors fail to generalize the -engine performance variables 
at hi^ altitudes. An investigation was therefore made at the NAG A 
Lewis laboratory to determine the altitude performance of the 
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J33-A-23 t-urTjoJet engine and. to demonstrate the magnitude of departvire 
of actual altitude perfoimanoe from that predicted from sea- level per- 
fomance. 

Ihe investigation vas conducted in two parts; the first phase con- 
sisted of a conventional engine perforinanoe investigation with engine 
speed as the primary variahle and with fli^t'Hadh number and altitude 
held constant at each of several values . In this phase, altitude was 
varied from sea level to 50,000 feet and the fli^t Mach number was 
varied from 0,27 to 1.25, In the second phase of the investigation, 
pressure altitude was the primary variable with fli^t Mach number aid 
engine speed held constant at each of several values. In this phase of 
the investigation, pressure altitude was varied from 10,000 to 
65,000 feet while fli^t Mach number was held constant at 0.37, 0.62, 
and 0.91 at each of two constsint engine speeds, 90 and 100 percent of 
rated speed. Engine -inlet -air temperature was also held constant so 
that each engine speed resulted in a constant compressor Mach number. 


APPARATUS ATTO PROCEDURE 
Engine 

Two J33-A-23 turbojet engines were used in this investigation. The 
engines have a centrifugal -flow-type ccmpressor, 14 throu^-flow tubular 
cQmbuistoi«, and a single-stage Impxilse turbine. The engine had a sea- 
level thrust rating of 4600 pounds at a turbine -outlet temperature of 
1265° E at rated speed (11,750 rpm). At this condition, the engine fuel 
flow was approacimately 4830 pounds per hour. The engine wei^t less 
staarfcer, generator, and tachcmeter generator was 1795 .pounds and the 

maximum diameter was 5C^ inches . A J33-A-23 engine-beeping serial 

number A-071878 was used in phase I of the investigation. (Hiis engine 
was destroyed by fire of unknown origin near the end of the first phase 
of the Investigation. An engine bearing serial number A-074460 was 
used for phase II of the Investigation. 


Altitude Chamber 

The altitude chamber in which the engine was installed is schemati- 
cally shown in figure 1. The chamber was 10 feet lii diameter and 60 feet 
long. Air could be supplied to the chamber at temperatures between 90° 
and -40° F and pressures could be varied to simulate altitudes from sea 
level to about 65,000 feet. The engine was moxanted on a thrust frame 
that was connected throu^ linkage to a thrust -measuring cell. The 
thrust cell was a null -type pr^sure-balanced diaphragm. The thrust 
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apparatus , was oalitrated 137 the dead-wei^t method with the engine and 
all fuel and Instrumentation connections in place. 

Ehe inlet or ram-pressiare section of the chamber was separated frcan 
the exhatist or alt itxide -pres sure section of the (diamber b 7 a buUchead. 
The seal .between the tail pipe and the bulKhead consisted of three 
asbestos board rings. These rin^ were installed so as to avoid inter- 
ference with axial movement req,\ilred b7 engine expansion and tlmjst 
measurement and to allow approximately 1 inch lateral movement to pre- 
vent binding. 


Instrument afa ion 

Engine instrumentation locations, before and after each of the prin- 
cipal components of the engine, are shown in figure 2, The details of 
the instrumentation for stations 1 to 7 are shown in figure 3. Engine- 
inlet temperature was meas^^red by ei^t iron-oonstantan thermocouples at 
the cowl inlet (fig. 3(a)). Engine-inlet pressure was measured by five 
total-pressure tubes on both the front and rear compressor-inlet screens 
(fig. 3(b)), Details of the compressor-outlet rakes, burner-outlet 
probes (used to detect blow-out), diffuser thermocouples supplied with 
the engine and used for engine-temperature indication, and tail-pipe 
probes and rakes used to obtain pressures and temperatures for computing 
engine air flow are shown in figures 3(c) to 3(h). The simulated alti- 
tude pressure was measured by two probes located near the jet-nozzle out- 
let in the exhaust pbriiion of the chamber. In the first phase of the 
investigation, fuel flow was measured by a remote-reading, variable-area 
orifice meter, and engine speed was measured by an electrical frequency- 
impulse counter. In order to imparove accuracy of data and ease of oper- 
ation in the second pdiase of the investigation, the remote -reading fuel- 
flow meter was replaced with calibrated rotameters; altitude -chamber 
press^Ire gages were replaced with calibrated absolute manometers, whose 
greater scale length allowed more accurate pressure readings; and an 
electrically operated strobotac was installed to assist in maintaining 
constant engine-speed settings. 


Procedure 

The investigation was conducted in two phases; (l) a conventional 
engine performance investigation; and (2) an evaluation of the effects 
of inlet-air density on engine perfomance. In the first phase of the 
investigation, a desired flight condition was maintained while the engine 
speed was varied... Simulated-flight conditions were varied over a range of 
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altittid.es from sea level to 50,000 feet at a Mach number of 0.67 and. at 
an altitude of 30,000 feet the simulated fli^t Mach number was varied 
from 0.27 to 1.25. The compress or-lnlet pressure and temperature set- 
tin 09 were held at NACA standard altitude pressures and temperatures 
corresponding to the. .particular fll^t Mach ntmber assuming 100-peroent 
ram pressure recovacy. The flight Mach number is based on ratio of inlet 
to eadaaust pressure. In the second phase of the investigation, the 
compressor-inlet temperature, engine speed, and fll^t Mach number were 
maintained -while -the altitude -was varied. The pressure altitude -was 
varied from 10,000 to 65,000 feet, corresponding to an exhaust pressure 
of about 1460 to 119 pounds per square foot. The inlet temperature was 
held constant at 520° R. Two engine speeds, 90 and 100 percent of .rated, 
were investigated for each of three fli^t Mach nunibers, 0.37, 0.62, and 
0.91. The symbols used in this report and the methods used in computing 
engine performance variables are presented in the appendix. 


RESULTS AKD DISCDSSIOU 

A summary of -the performance and operational data obtained during 
the first phase of the investigation at various simulated-altitude con- 
ditions is presented in table I. Altitude data corrected for small 
variations in compress or -inlet pressuire, inlet temperature, and exhaust- 
pressure settings are summarized in table n. Table II also includos 
the data corrected to conditions of NACA standard sea-leivel static pres- 
sure and temperature at the oompresBor inlet. 


Slmulated-Eli^t Performance 

Effect of altitude. - Altitijde performance data from table II 
obtained at a fli^t Mach number of 0.67 and simulated altitudes from sea 
level to 50,000 feet are presented in figures 4 to 9 to show the effect 
of altitude on the engine performance . Jet thnast, net thrust, air flow, 
and fuel flow (figs. 4, 5, 6 , and 7, respectively) rapidly decreased with 
increasing altlt-ude as would be expected becavise of the accompanying 
decrease in engine ii^et-alr density. The net-thrust specific fuel oon- 
smption (fig. 8 ) decreased with Increasing altitude until 30,000 feet 
iras reached and then increased, with further increase in altitude. These 
trends result from the combined effects of (l) an increase in cycle 
efficiency with decreasing inlet temperatures, and ( 2 ) a reduction in 
ccsnponent efficiency at hi^ altitude. The tail-pipe indicated tempera- 
ture (fig. 9) decreased -with increasing altitude at the low engine speeds 
as a direct effect of reduced inlet-air temperature on operating tempera- 
tures and on the effective compressor Mach number. At the higher engine 
speeds, there was a sli^t, rise in tail-pipe temperatxire -with Indreaslrig 
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altitude, ■wixich is attributed to a reduction, in component efficiencies at 
hi^ altitudes. Similar tail-pipe -taaperature trends are siiown and 
explained in reference 1. 

Effect of ,f li^t Mach number. - Perfoimanc© data, obtained at an 
altitude of 30,000 feet for fli^t Macb numbers from 0.27 to 1.25, aire 
presented id figures 10 to 15 to show tbe effects of flight Mach, number 
on the engine performance parameters. Jet thrust, air flow,' and fuel 
flow (fi^. 10, 12, and 13, respectively) generally increased as would 
be expected with the increasing inlet-air density resulting from the 
increased f ll^t' Mach number. Ihe net thrust (fig. 11) increased with 
increasing fli^t Mach number at hi^ engine speeds, but decreased at Iwr 
engine speeds. Ehe net-thz*ust specific fuel consumption (fig. 14) gener- 
ally increased with increasing fli^t Mach number. Ihe tail-pipe indi- 
cated temperatures (fig. 15) decreased with increasing fli^t Mach number; 
this trend was most pronounced at the low engine speeds. 


Generalized Performance 

Perforcaance data were corrected to standard sea-level static condi- 
tions in the conventional manner (reference 5). Ihe development of this 
method for generalizing turbine -engine performance parametezs assumes 
flow similarity .throu^out the engine for any particular compressor-tip 
Mach number. In this development, the flow characteristics were assumed 
to be insensitive to Reynolds number effects and the efficiencies of the . 
engine components were assuiaed to be unaffected by changes in altitiide 
and fli^t Mach number. 

Effect of altitude. - The corz^cted engine perfozmance data (from 
table II) obtained at a fli^t Mach ntmiber of 0.67 and simulated altitudes 
from sea level to 50,000 feet are presented in figures 16 to 22 to show 
the effect of altitude on the corrected engine performance variables . 

The corrected values of Jet .thrust (fig. 16) generalized to an altitude 
of 30,000 feet. There was a decrease in corrected Jet thznust at 40,000- 
and 50,000-foot altitudes. The apparent equality of the corrected Jet 
thrust at 40,000- and 50,000-foot altitudes probably results from an 
insensitivity of the thrust mechanism to the small, thrust measurements at 
50,000 feet. Corrected net thrust (fig. 17) and corrected air flow 
(fig. 18) also generalized to 30,000 feet and showed reductions at alti- 
tudes above 30,000 feet. These reductions in corrected air flow are ' 
attributed to the internal losses associated with the lower Reynolds num- 
ber existing in the engine flow passages at hi^ altitude. The reduction 
in corrected air flow ^rtth increasing altitude causes the corrected Jet 
and net thrust to decrease in a similar manner. The corrected fuel flow 
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(fig, 19) and the collected net- thrust specific fuel consumption (fig. 20) 
generally Increased, -with increasing altitude except at the hi^ engine 
speeds vhere generalization was obtained to 30,000 feet and thereafter an 
increase with altitude occurred for altitudes ahove 30,000 feet. These 
trends in coirected fuel consumption and corrected specific fuel consump- 
tion are the result of lower combustion effiolenoieB (fig. 21) associ- 
ated with the lower combtietor pressin*e existing at the low engine speeds 
and hlgjh altitudes. At low corrected engine speeds, there is a rapid 
decrease in combustion efficiency with increasing altitude, but at hi^ 
engine speeds where the compressor pressure ratio is hi^ there is no 
apparent loss in combxistion efficiency until altitudes greater than 
30,000 feet are reached. The corrected tail-pipe Indicated temperature 
(fig. 22) generalized to 40,000 feet but increased, at higher altitudes. 

Effect of flight Mach number. - In general, at a particular cosrrected 
engine speed, the increased inlet pressure with increasing Mach number 
raises the total expansion ratio of the engine (from turbine inlet to 
exhaust-nozzle throat) mtil critical flow is established in the Jet noz- 
zle. After critical flow is established, the expansion pressure ratio 
of the engine remains constant with increasing fli^t Mach number. With 
critical flow in the Jet nozzle, genereilizatlon of flow characteristics 
throughout the engine should be' possible unless engine-inlet pressures 
are low enou^ to adwersedy affect 'engine-component efficiencies, as dis-. 
cussed in connection with altitude effects. When the Jet nozzle is 
choked, corrected pressures, temperatures,- and air flow would therefore 
be expected to generalize for compressor— inlet air densities greater than 
that corresponding to a 30,000-foot altitude and a flight Mach number of 
0.67. Satisfactory generalization of the corrected pressure, temperature, 
and air flow would not necessarily result in a constant value of combus-^ 
tion efficiency because combvistion efficiency is dependent on the. actual 
pressure, temperature, and air flow. The corrected fuel flow and corrected 
specific fuel consumption would obviously veiry with the combustion effi- 
ciency. Corrected Jet thrust would also be expected to vary with fli^t 
Mach number because it is sensitive, under critical flow conditions in 
the Jet nozzle, not only to the internal flow conditions but it is also 
a function of "the excess pressure over ambient pressure existing at the 
nozzle outlet. However, when the product of this excess pressure and 
the Jet area is properly introduced into the Jet-thrust tem, as des- 
descrlbed in reference 1, a generalization of the corrected engine 

'■j ♦ 

thrust in terms of a thrust parameter — g would be expected. 

The corrected engine performance data (table n) obtained at a 
simulated altitude of 30,000 feet and fll^-b Mach numbers from 0.27 to 
1.25 are compared to show the effect of flight Mach number on the 
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corrected valuefl of engine performance parametera (fige. 23 to 27). Tlie ^ 
corrected Jet-thrust parameter presented In figure 23 genera.lized over 
the range of engine speeds for which the Jet nozzle was choked. The cor- 
rected air flow (fig. 24 ;) generalized for Mach numhers from 0.67 to 1.25 
for the entire range of engine speeds investigated, hut decreased 
sli^tly at the lower Mach numhers. The corrected fuel flow (fig. 25) 
increased as flight Mach number decreased at the low engine speeds hut 
generalized at the higher engine speeds. This generalization indicates 
that at high engine speeds the cosnhustor pressure and temperatxire were 
sufficiently hi^ and that combustion efficiency was unaffected. The 
nearly constant value of comhustion efficiency at hi^ engine speed is 
illustrated hy the data of figure 26. At the lower engine speeds, there 
is an indication of increasing comhustion efficiency with increasing 
flight Mach number hut because of data scatter, curves could not he drawn 
for each fll^t Mach nmher. The corrected tail-pipe indicated tempera- 
ture (fig. 27) showed a sli^tly greater sensitivity to flight Mach num- 
ber than either the corrected Jet-thrust parameter or the corrected fuel 
flow as Indicated hy the separation of the flight Mach nianher curves from 
the generalized curve at hi^er corrected engine speeds. The effect of 
fli^t Mach number on the generalization of engine performance data may 
he summarized as follows : Over the range of inlet pressures investigated 

(628 to 1569 Ih/sq. ft corresponding to fli^t ifech numhers of 0.27 to 
1.25 at 30,000-ft altitude), the corrected Jet-thrust parameter general- 
ized for corrected engine speeds for which the Jet nozzle was choked. 

The corrected fuel flow and corrected indicated tail-pipe temperature 
generalized for corrected engine speeds sli^tly above that for which 
the Jet nozzle was choked. The corrected air flow was sensitive to inlet- 
air density at 30,000 feet for Mach numhers below 0.67. At hi^er alti- 
tudes where it was shown that engine ocmponents hecome more sensitive to 
changes in engine inlet-air .dens ity^ the corrected performance parameters 
would he expected to show a greater sensitivity to varying fli^t Mach 
number than was evident at the 30,000-foot-altltude conditions. 


SSCORDAET ALTITUDE EETECTS 

The hi^-altitiaie co3:re6ted performance data (figs. 16 to 22) have 
shown the actual corrected engine performance to he poorer than the cor- 
rected performance predicted from sea-level data. Also, the data for 
varying fll^t Mach number (figs. 23 to 27) showed that the corrected 
performance parameters did not generalize over the complete operating 
range. This lack of generalization was evident to some extent even when 
the Jet nozzle was choked. These departures are attributed to two funda- 
mental effects. The first is the well-known fact that comhustion effi- 
ciency decreases with decreasing pressure and temperature. Althou^ 
variations in the combustion efficiency may thus explain the changes in 
performance pareuneters involving fuel flow, it does not account for 
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variations in correoted tlarust, air flow, and exhaust-gas temperatures. 
Because these performance variations indicate internal, losses and are 
associated with hi^-altitude operation, they may he attributed to an 
effect of Reynolds nuaher as discussed in references 1 to 5, Hhe second 
fundamental factor then is the effect of low Reynolds number on energy 
losses induced by increasing boundary-layer build up and some flow sepa- 
ration from the walls of the flow channels within the engine. These 
energy losses are then reflected in decreased component efficiencies. 

The flow characteristics that are dependent on the Reynolds number 
for a given flow system have been repressed as a Reynolds number index. 
(See reference 6.) 

p 

Re index = — =s= (l) 

nV T 

VIhen this expression is put in terms of pressure, temperature, and vis- 
cosity ratios, the Reynolds number index may be expressed, as in refer- 
ence 7, by 

Re index = —^ss (2) 

The variation of Reynolds number index with altitude and fll^t Mach num- 
ber is tabulated in table III. 

The Reynolds number index may, for all practical purposes, be 
expressed as 

Re index Z (3) 

because the viscosity of gases , over a reasonable temperature range is 
nearly proportional to the Bq.uare root of the absolute temperature. 

From this expression, it can be seen that to obtain the lowest possible 
Reynolds number the engine -inlet pressure -should be low and the inlet 
temperature hi^. The second phase of the investigation was therefore 
coiaducted with the inlet -air temperature held constant at 520° R while 
the inlet pressure was reduced progressively until the limit of the test 
facilities was reached. These data, obtained on engine serial number 
A-074460 for .90 and 100 percent of rated engine speed and for constant 
flight Mach numbeirs a£ 0.37, "0.62, and 0.91, are tabulated in table IV 
and plotted in figures 28 to 32. The dashed curves on these figures 
represent values obtained from faired curves throu^ data obtained in 
the first phase of the Investigation on .en^ne serial number A-071878. 
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These data are plotted as the ratio of the corrected altitude performance 
to the corrected performance predicted from static sea-level performance 
of the engine. The magnitude of this ratio thus indicates the departure 
of the altitude performance from the predicted performance for variovis 
values of Reynolds number index. All the data for a given engine, and 
for a given engine speed over a range of flight Mach numbers correlate 
to a single citrve. . . 

The air flow (fig. 28) and Jet-thrust parameter (fig. 29) fall below 
the predicted values at low values of Reynolds number index. The air 
flow for the engine used in the first phase of the investigation has the 
same trerd as the second engine but the effects of low Reynolds number 
are greater on the performance of the first engine. The fuel flcn<- 
(fig. 30) increases above the predicted values as the Reynolds number 
index was reduced and again the trend is the same for both engines with , 
the first engine being affected^ more at the low values of Reynolds number 
index. This increase in fuel flow at low Reynolds numbers resulted from 
• the deoreasd ccmbustion efficiency that accompanied the decreasing engine- 
inlet pressiure,. When, the fuel flow was oo 2 rrected to a unity combustion 
efficiency (burned fuel) to Isolate the Reynolds number effects, the 
burned fuel flow (fig. 31) was less than that predicted frcan. static sea- 
level calibration. Again the effect of Reynolds number was greater on 
the first engine. ‘The decrease in burned fuel flow was not as great, 
however, as the decrease in air flow (fig. 28) . The ratio of burned fuel 
to air flow therefore increased as required to obtain the increased tail- 
pipe temperatures of figure 32. The effect of the low Reynolds number 
was similar for both engines but, in general, was somewhat greater on the 
first engine. 

The correlation of the data of figures 28 to 32 with Reynolds nmber 
index show these parameters to be independent of fli^t Mach number and 
that departures from predicted performance are. significant only below a 
Reynolds nmber index of 0.5 at the two engine speeds investigated. At 
the lower engine speed (corrected engine speed 90 percent of rated), the 
departures of the actueil performance from the predicted performance we3?e 
gonerally greater than that for rated engine , speed . The departure of 
actual engine performance at hi^ altitude from that predicted by low- 
altitude performance may be accounted for by Reynolds number and 
combustion-efficiency effects. ■ 

Combustion efficiency was separated from the fuel- consumption data 
of figure 30 to isolate the Reynolds number effect in figure 31. Ko 
attempt has yet been made to correlate this ccmbustion-eff iciency data. 

A correlation of the combustion efficiency with fli^t conditions is 
required, however. If reasonably accurate predictions of fli^t fuel con- 
sumption are to be made possible. 
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Conibtietion efficiency has "been coOTelated with the parameter 
^t^Ah discussecL in reference 8. An atteiiEpt to derive this param- 
eter in terms of engine-inlet pressijre and tamperatxa*e and of engine 
speed hy use of the conservation- of- energy and" continuity eq.uations led 
to a somewhat complex expression. A more useful parameter can he obtained 
hy a comhinatlcai of engine operating oooditiom as follows : 

Because total and st^ic pressures at a given station vary in the same 
manner, the eq.uatlon may he written as - r. ... 

^a 



= K 


Because total arri static pressures at a given station vary in the 
same manner, this expression may he written as 


Then 



For hoth engines used in this investigation, the product of 




■vyas found empirically to he approximately proportional 
to the corrected engine speed to the second power. 

Therefore , 




Vv 


- a 8 




The correlation of 5'\T0 
The- correlation oT tj-jj and SnTT 


with 


Pb‘*^h 


W 

►re, 


is shown in figure 33. 


is shown in figure 34. The 


engine fuel-air ratio is known to affect comhustlon efficiency in some 
comhustors (reference 8) , This f uel-air*ratio effect is unaccounted for 
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in th.is parameter and the fev points for vhioh the fuel-air ratio was 
helow 0.007 did not correlate and therefore are not plotted on the figure 


It is to he noted that the performance of both engines of the same 
model type are not in agreement. This difference in measured performance 
is attributable to sereral factors : difference in accumulated running 

time on each engine, tolerances in manxifacturing specifications for the 
fuel nozzles and other parts, possible trends of different fuel-flow 
measuring instruments on each engine at low fuel flows, and the Improved 
technig,ue in the running of the second phase of the Investigation. It 
is believed that the main contributing factors are the longer accumulated 
running time on the first engine (about 30 percent) and possibly poorer 
spray quality from the fuel nozzles, vhioh would explain the poorer com- 
bustion efficiency depicted in figure 33 . 


In order to illustrate the magnitude of departxzres of actual from 
predicted performance, consider a fli^t condition of 60,000-foot alti- 
tude at a Mach number of 0.62 and an actual engine speed of 10,600 rpa 
(90 percent of rated speed), which is a corrected engine speed of 
11,750 rpgtt. The engine speed ratio is 1.00 and, by Interpolation frcm 


table III, the Reynolds nxmbergindex 


5 


qj Ve 


is 0.12 and the engine 


operating parameter is 1.15x10'. With these values the 

actual corrected performance as compared 'With the predicted corrected 
performance of the second engine were taken from figures 28 to^ 32 to be 
as follows: air-flow loss, 5 percent; Jet-thrust parameter loss, i per- . 

cent; fuel-flow Increase, 7 percent; burned fuel-flow decrease, 4 percent 
and tail -pipe -Indicated- temperature increase, 1.5 percent. The engine 
combustion efficiency decreased 15 percent as seen in figxtre 33 for the 
second engine. Computed from these values the Jet-thru 9 t loss was 
6.5 percent, the net-thnust loss was 7 percent, and the Increase in 
specific fuel consumption was 15.5 percent. These trends would be 
greater for the first engine or at a lower Reynolds number for either 
engine . . 


SUMMARY OF RESULTS 

The performance of a centrifugal -flow-compressor-type turbojet 
engine was investigated over a range of simulated-flight conditions from 
sea level to 65,000 feet and fli^t Mach numbers from 0.27 to 1.25. The 
results of this investigation may be summarized as follows: 

1. Engine performance data could be generalized by conventional 
methods for altitudes up to 30,000 feet at a flight Mach number of 0.67. 
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At an altitude of 3.0,000 feet, perfonmance data could also be general- 
ized for varying f li^t Mach number over the range of engine speeds at 
which critical flow existed in the Jet nozzle. At higher altitude con- 
ditions, the engine performance was correlated by plotting performance 
parameters against a Eeynolds number index based on engine inlet -air 
pressure, temperature, and viscosity. For the corrected engine speeds 
investigated (90 and 100 percent of rated speed), this correlation 
included the effect of fli^t Mach nxmiber. 

2. An empirical correlation parameter, based on. engine -inlet ixres- 
sure and temperature and on engine speed, correlated ccmbustion effi- 
ciency for all data obtained except at fuel-air ratios below 0.007. 

3. At an altitude of 60,000 feet, a Mach number of 0.62, and an 

actual engine speed of 10,600 rpm (90 percent of rated), the engifte per- 
formance as compared to the predicted performance was found to be as 
follows: air-flow loss, 5 percent; Jet-thrust loss, 6.5 percent; tail-, 

pipe-indicated-temperature Increase, 1.5 percent; net -thrust loss, 7 per 
cent; specif Ic-fuel-consmption increase, 15.5 percent; and engine-com- 
bustion-eff icienoy decrease, 15 percent. At the lower engine speed 
investigated, the departure of engine perfonuance from predicted per- 
formance was generally greater than for the hl^er speed and the first 
engine used in the investigation indicated a greater Eeynolds number 
effect on performance than the second engine. 


Lewis Flight Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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APEEKD3X 

SYMBOLS AHD METHODS OP CALCDLATIONS 
Symbols 

A area, sq. ft 

P tbnist, lb 

g acceleration due to grayity, 32.2 ft/seo^ 

H entbalpy, Btu/lb 

J mechanical equivalent of heat, 778 ft-lb/Btu 

K,K' proportionality constants 
M Mach number 

K engine speed, rpa 

P absolute total pressure, Ib/sq ft 

p absolute static pressure, Ib/sq ft 

E gas constant, 53.3 ft-lb/(lb)('^) 

Ee Eeynolds number 

T total temperature, ?E 

t static temperature, °R 

V velocity, ft/sec 

Y -{3 biimer reference velocity, ft/sec 

Vg_ air flow, Ib/sec 

Wf fuel flow, lb /hr 

W- gas flow, Ib/seo 

3 thermocouple impact recovery factor 

y ratio of specific heats 
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S ratio of compress or -inlet atsolute total pressure to absolute 

static pressure of NACA standard atmospbere at sea level 

combustion efficiency 

0 ratio of compressor-inlet absolute total temperature to absolute 

static temperature of KACA standardT atmospbere at sea level 

H absolute viscosity of air at compressor inlet (values obtained 

from reference 10), ft^/sec 

cp ratio of absolute viscosity of air at compressor inlet to 

viscosity of NACA standard atmosphere at sea level 

Subscripts: - - .... 

alt altitude 

b burner inlet . 

1 indicated 

j ^et 

n net 

SL sea level 

s seal 

Station notation (fig. 2): 

0 free stream 

1 cowl inlet 

2 compressor inlet 

3 compressor outlet 

4 turbine inlet 

5 diffuser outlet 

6 tall pipe (upstream of jet nozzle) 

* 


• 2113 
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7 jet-nozzle inlet 

8 jet-nozzle outlet (throat) 


Methods of CalcxlLatlons 

Air flow. - Engine air flow was calculated "by suhtracting the fuel 
flow from the computed gas flow throu^ the engine. Ihe gas flow was 
computed from measurements of teaapwature in the tail pipe at station 6 
and total and static pressure at the jet-nozzle inlet at station 7: 

W — tJ' - = 

a **g 3600 


where 


P7A7 

and ATT.^ ia the enthalpy difference "between total- and static-pressure 
conditions, as determined from reference 9. 

The static temperature was calculated from the indicated temperature 
by the following relations 



t 


7 


^6,1 “ P 





“where the temperature ratio was determined from the Jet-nozzle-inlet 
total to static pressure ratio 'by means of reference 9. The gas velocity- 
at station 6 was assigned to he e^Lual to the velocity at station 7* The 
thermocouple impact recovery factor 3 was . evaluated at 0..80 from ther- 
mocouple calibrations. 

Simulated fli^t speed. - The simulated fli^t speed at which the 
engine was operated was deteomiined from the following relation: 
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^0“ 


Ttr ^0 


2^1 


«)’ 


- 1 


where y was aaeumed to he 1.40. 


yil^t Mach ntmiber. - The f ll^t Mach number was calculated from the 
ccmpressor-inlet total to ambient static pressure ratio, assuming 
100-percent ram recovery, by the following relation; 



where y was assumed to be 1.40. 


Jet thrust. - The Jet thrust was determined from the altitude -chamber 
thrust indicator by multiplying the diaphragm pressure by a constant and 
adding a correction factor to account for the Measure differential adross 
the tail-pipe seal. The relation used v ss ; 

Fj - Fi + Ag(p2 ” Pq) 


Net thrust. - -Net thrust was calculated from Jet thrust by sub- 
tracting the engine, inlet -air momentum, according to the relation 


F = F< - 
n -^J 


W£o 

s 


Burner reference velocity. - The burner reference velocity used in 
the combustion-efficiency correlation parameter is 


- Afc 


where Ajj is the maximum cross-sectional area of the burner, flow 
passages. 


2113 
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TABLE I - PBRPORHAMCE AHD OPERATLOtlAL DATA 




Plight 

Mach 

number 

Mo 

Engine 

speed 

N 

(rpm) 

Jet 

thrust 

Air 

flow 

Wa 

(Ib/sec) 

Fuel 

flow 

(Ib/hr) 

Compressor- 
Inlet total 
temperature 

T2 

Compressor- 

outlet 

Indicated 

temperature 

T3 

(OR) 

Tail-pipe 
indicated 
gas tem- 
perature 

*e,i 

(CR) 

Compressor- 
inlet total 
pressure , ?2 
(in. Hg abs.) 

■m 

n 

0.63 

4028 

381 

58.61 . 

750 

655 

599 

871 . 

38.63 

2 


,64 

4966 

696 

44.70 

996 

580 

625 

955 

39.11 

3 


.63 

6938 

666 

40.87 

119Q 

653 

644 

1006 

3d. S3 

4 


.64 

6952 

962 

50.82 

1215 

660 . 

654 

loes 

39.11 

6 


.63 

6978 

136B 

57.68 

1600 

559 

686 

1002 

39.11 

6 


.63 

7941 

1857 

64.60 

1915 

569 

725 

1140 

39.11 



.64 

7966 

1794 

67.33 

1860 

554 

722 

1121 

38.83 



.63 

8944 

. 1585 

70.99 ■ 

2500 

S6 4 ^ 

, , m . ,, 


30, gl . 



■0.6-T ■ 

e,«a 



36.13 




963 

26.76 



.64 

8, 0D5 

1357 

49.08 

1350 

524 

692 

' 1075 

26.65 

■El 


■.64 

9,972 

2817 

65.50 

2500 

619 

782 

1278 

26.80 



.64 

10,574 

3448 

70.75 

3100 

618 

816 

1379 

26.80 

WM 


.64 

11,151 

4079 

74.84 

3700 

524 

856 

1506 

26.80 

mtm 



11.697 

4883 

■79.85 . 

4600 

517 

882 


26.81 


20,000 


— 

474 


750 

484 

673 . 

.. 898 

17.80 

16 


.65 

7,994 

1017 


1050 

476 

640 

992 

17.80 

17 


.65 

9,966 

2035 


1800 

490 . 

752 

1262 

17.80 

18 


.66 

10,640 

2586 


2250 

481 

775 

1374 

17.85 

19 


.66 

11,117 

3066 


2800 

^ 404 

812 

1494 

17.90 

20 


.66 

11,641 

3527 


33W. 

4^ . 

84.6 


17.7? 

ai ■ 


6.55 

»ri 1 T m 

690 


856 

■ 4l7 

SSf 


8.92 

22 


.26 

8,968* 

788 

23.65 

950 

413 

627 


8.97 

23 


.26 

9,983 

1146 

27.48 

1150 

414 

683 


8.97 

24 


.28 

10,654 

1442 

29.35 

1376 

416 

714 

laao 

9.02 

25 


.28 

11,095 

1652 

30.39 

1650 

415 

747 

1612 

^ 8.92 

26 


.28 

11,655 

1922 

31.92 

2000 

416 

789 

1664 

9.02 

27 


.47 

6,063 

296 

14.36 


428 

624 

1009 

9.82 

28 


.44 

7,913 

555 

21.80 


423 

584 

1034 

9.87 

29 


.47 

9,980 

1245 

29.48 

- Sfl 

425 

689 

1238 

9.82 

30 


.46 

10,546 

1531 

31.80 

1600 

425 

722 

1546 

9.87 

31 


.48 

11,081 

1832 

33.41 

1800 

422 

764 

1482. 

9.92 

32 


.46 

11,689 

2152 

34.58 

2150 

428 

■796 

1665= 

9.88 

33 


.66 

7,913 

630 

23.27 

710 

467 

630 

970 

11.60 

34 


.67 

7^913 

751 

25.73 

— 

446 

612 

960 

11.70 

36 


.68 

8,991 

1106 

30.47 



44S 

659 

1041 

11.70 

36 


.66 

10.002. 

1576 

34.38 

— 

445 

713 

. 1217 

11.65 

37 


.60 

10,645 

1824 

32.84 

ISIC 

463 

756 

1349 

11.60 

38 V 


. 6V 

10,577 

1927 

36,80 

1 z 9 

444 

748 

1348 

11,66 

39 


.67 

11,<J70 

2207 

38.12 

E ! 9 

449 

778 

1470 

i 11.50 

40 


,ec 

11,647' 

1 2591 

40.09 


446 

816 

1639 

1 11.60 

41 


.69 

11,663 

i 2636 

39.99 


444 

sie 

1635 ^ 

' 11.65 

42 


.7a 

11,706 

1 2679 

39.07 

2360 

460 

826 

1663 

11.80 

43. 


.03 

7,SB3 

1 550 

19.19 

. 600 

543 

686 

960 

13.30 

44 


.83 

7,759-. 

736 ' 

24.32 

785 

486 

639 

916 

13.32 

45 


.84 

7,’&88- 

884 

27.16 

750 

463 

628 

905 

13.37 

46 


.84 

9,*^0S 

1300 

28.62 

xooa. 

655 

807 

1209 

13-40 

47 


,83 

9,994 

isea 

31.79 

1220 

521 

707 

1245 

13.30 

48 


.83 

10,519 

1854 

34.32 

1440 

498 

781 

1306 

13-35 

49 


.34 

10, 688 

2279 1 

37.99 

174Q 

465 

762 

1556 

13.37 

50 


.83 

11,580 

2574 1 

40.01 

2200 

494 

B41 

1562 

13.40 

61 


.83 

11,714 

3027 1 

■ 43.16 ■ 

2665 

1 467 

833 

1655 

13.32 

62 


.96 

7,969^ 

905 , 

29.71 

780 

1 460 

644 

869 

15.17 

53 


.96 

8,088 

1352 ' 

34.52 

1028 

1 485 

698 

1011 

15.07 

64 


,96 

9,969 

1988. 

39,51 

1464 

491 

756 

1209 

15.17 

55 


.95 

10, '529' 

2632 1 

43.33 

1920 

' 473 1 

'768 . 

1548 

15.17 

56 


.96 

Ui.l6B 

3109 

47.90 

2490 

467 1 

800 

1487 

15.27 

57 


.96 

11,686 

3363 1 

48.14 

2845 

486 

853 

1627 

15.27 

68 


1*09 

7,913- 

1277 j 

36.24 . 

785 

461 1 

€25 

788 

17.88 

59 


■1.08 

7,944 

1084 : 

32.63 

650 

610 

673 

838 

17.01 

60 


1.09 

9,02-5 

1761 

39.51 

1000 

498’ 

711 

996 

17.71 

61 


1.09 

LO, 039 

2530. 1 

46.11 

1650 

498 1 

763 . 1 

1210 

17.71 

62 


1.09 

10,^7 

3284' 

60.61 . 

2260 

.'464 ' 

769 

1540 

17.80 

63 


1.06 

10,574 

2926 ! 

49.13 

2050 

502^ 

798 

1333 

17.71 

64 


1.08 

11,137 

5495 1 

53.10 

2600 

496 

026 

1464 

17.81 



1.09 

11,655 

4318.. i 

58.35 

3455 

463 

025 1 

1635 

17.90 



1.09 

11,672 

3970 ; 

54.67 j 

3160 

499 

863 , 

1618 

17.76 



1.25 

8,011 

1329. 

38.35 

640 

547 

716 

61 L 

82.12 



1.26 

9,92i 

2953 

62.80 

1744 

548 

813 1 

1208 

22.23 



1.26 

10,574 

3473 ; 

66.10 

2175 

^8 _ 

842 


_ 22 46 

70 

40,000 

0.68 

8,969 

— ratji 

19.14 i 

a§?“ 

4^ 

659 1 

1043 

7.3? 

71 


.68 

10*042 

1068 

22.23 

1148 

420 

691 


,7.39 

72 

1 

,es 

10,568 1 

. 1286 1 

23.40 

1324 

421 

723 1 


7.39 

73 


.67 

11,103 1 

1472’ ' 

24.40 

1496 

422 

766 

■r" 

7.39 

74 


.68 

11.6C6 

1706 

25.34 

1750 

421 


1 ISH 

7.34 

'^6 

S'd,o6o i 

6.67 

9,014 ' 

467 ' 

11.00 

674 




643 *! 

1077 

4.59 

76 


.68 

9,932 : 

646 

12.62 

700 


691 

1234 

4.64 

77 


.67 

10,481 

759 

13.61 

906 


724 

1350 

4.59 

78 


. .67 

11*081 1 

892 1 

14.22 

■ 1098 


762 ; 

1503 

4.59 

79 


.67 

11,711 ! 

1066, 

14.73 

- - - -J. * 1 u 

L300 


804 

1691 

4.59 
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TABLE II PBRPORMAKCE DATA ADJUSTED TO STAHDARD ALTITUDE AMD 
(Adjusted for variations In 



■ 

Pll^t 

Uaoh 

Enfiins soeed 
(rpm/ 

Jet thrust 
(lb) 

Net thrust 
(lb) 

number 

«0 

' 

Altitude 

N 

Corrected 

Altitude 

Corrected 

Pj/8 

Parameter 

P.1+P0*8 

6 

Altitude 

I'd 

Corrected 

Pn/8 



0.67 

4061 

3891 

424 

314 

3493 

-501 

-371 



.67 

4989 

4760 

662 

483 

3603 

-416 

-308 



i67 

5999 

5747 

944 

699 

3868 

-226 

-167 



.67 

6980 

6729 

. 932 

690 . 

3816 

-282 

-209 

6 


.67 

7011 

6717 

1339 

992 

4121 

-30 

-28 

6 


.67 

7986 

7650 

1861 

1393 

4512 

339 

261 

7 


.67 

8029 

7692 

1920 

1422 

4560 

308 

228 

6 


.67 

8961 

8576 

2673 

I960 


930 

689 

0 

10,000 

oT67 

5,97^ 

S.9K 

693 

746 

3809 

-164 

-166 

10 


.67 

8,016 

7,957 

1443 

1554 

4623 

297 

320 

11 


.67 

10,046 

9,972 

2964 

5192 

6280 

1452 

1564 

12 


.67 

10,666 

10,678 

3629 

5908 

6995 

1996 

2160 

IS 


.67 

11,176 

11,095 

4287 

4617 ■ 

7709 

2552 

£748 

14 


.67 

11,799 

11,713 

6118 


8602 

5279 

3§31 

l5 




— r,i70 ■ 


005 

38^ 

-8l 

-151 

16 


.67 


8,361 

1073 

1730 , . 

4806 

260 

419 

17 


.67 

9,937 

10,261 

2144 

3466 

6546 

1111 

17»0 

18 


.67 

10,608 

10,943 

2712 

4372 

7460 

1599 

2677 

19 


.67 

11,154 

11,606 

3198 

6165 

8243 

2009 

3238 

20 


.67 

11,703 

.12.0TC 

37ia 

saaz. 

906Q 

2454 

5955 




7,ye^^ 

— s;es2 ■ 


1975 

6,9^ 

453 

14^3 




9,004 

10,036 

819 

2628 

6,598 

619 

1985 




^BVSfVS^T^I 

11,172 

1191 

3025 

7,793 

957 

3072 




10,683 

11,796 

: 1490 

.. 47S3.._... 

8,731 

1241 

5984 




11,126 


1727 

5542 

9,490 

1466 

4706 




11,673 

15,011 

1986 

6375 

10,323 

1716 

5505 

27 



6,036 

6,640 

• 508 . 

902 . 

4,486 

99 

291 

28 


.46 

7,963 

8,760 

574 

1682 

6,332 

261 

765 

29 


.45 

10,020 

11,023 

129'5 

5795 

7,691 

868 

2544 

30 


.45 

10,688 

11,648 

1684 

4641 

8,260 

1126 

3300 

31 


.45 

11,164 

12,262 

1B86 

5626 

9,094 

1409 

4128 

32 


.45 

11,694 

12,865 

2224 

6517 

10,080 

1726 

5055. 

33 


• 67 

7,753 

8,337 

646 

1613 

4664 

138 

346 

34 


.67 

7,934 

8,532 

769 

1919 

4997 

224 

660 

35 


.67 

9,044 

9,726 

ai27 

■2812 

5876 

484 

1209 

36 


.67 

10,038 

10,796 

1626 

4058 

7105 

890 

2221 

37 


. .67 

10,374 

11,166. 

1865 

4649 

7665 

1149 

2867 

38 


.67 

10,627 

11,428 

1999 

4990 

8073 

1213 

3026 

39 


.67 

11,070 

11,904 

2291 

5718 

8815 

1468 

3664 

40 


.67 

11,677 

12,567 

S686 ■ 

8703 

9809 

1830 

4568 

41 


.67 

11,719 

12,602 

2694 

6723 

9761 

1846 

4607 

42 


.67 

11,564 

12,425^ 

2579 

6435 

9419 

1746 

4368 

43 


• 83 

6,753 

7,119 

569 

1237 

3898 

5 

11 

44 


• 82 

7,690 

8,001 

760 

1653 

4301 

113 . 

246 

45 


.82 

8,019 

8,453 

910 

1978 1 

' 4616 

207 

440 

46 


.82 

8,898 

9,380 

1335 

2902 

5513 

524 

1140 

47 


.82 

9,461 

9,974 

leie . 

3612 

6175 

737 

1603 

48 


.82 

9,988 

10,529 

1911 

4155 

6806 

988 

2147 

49 


.82 

10,604 

11,179 

2546 

6100 

7738 

1369 

2965 

50 


.82 

11 , 058 

. 11,65.7.. 

2644 

5747 

8390 

1675 

3424 

51 


.82 

11,708 

• 12,342 

3128 

6799 1 

9447 

2000 1 

4348 

52 


• 96 

8,024 

8,282 

954 

1786. 

4111 

34 I 


55 


•96 

9,002 

9,292 

a436 

2686 ! 

5027 

354 

663 

54 


.96 

9,924 

10,244 

2095 

3921 1 

6220 

356 

1606 

55 


.96 

10,679 

11,023 . 

2668 

4994 1 

7320 

1337 ’ 

2503 

56 


.96 

11,400 

11,767 

3254 

6092 

8402 

1802 

3374 

57 


.96 

11 , 693 

12,070 

3609 

6569 

8879 

2020 

3782 

56 


1.09 

8,311 

8,391 . 

1332 

2137 

4101 

122 

197 

59 


1.09» 

7,933 

8,009 

. 1136 

1021 

3809 

-11 1 

-id 

60 


1.09 

9,121 

9,208 

: .1844 

2958 

4934 

460 I 

738 

61 


1.09 

10,146 

10,243 

2664 

4274 

6260 

1049 

1685 

62 


1.09 

11,031 

11,137 

3441 

4943 

7497 

173B 

2789 

63 


1.09 

10,643 

10,745 

3081 

5871 

6942 

1354 

2172 

64 


1.09 

11,277 

11,386 

3669 

6520 

7882 

1814 

2911 

65 


1.09 

12,216 

12,333 

4498 

7217 

9196 

2549 

4090 ' 

66 , 


1.09 

11,784 

11,897 

4169 

6688 

8668 

2256 

3622 

€7 


1.25 

7,964 

7,800 

1388 

1798 . 

3402 

-172 

-223 

68 


1.25 

9,854 ■ 

9,661 

5067 

3974 

6563 

928 

1202 

€9 


1.25 _ 

10,502 

10,8S6T 

3616 

4686 

6268 

1337 

— 

70 

40,000 


g,0l9 

9 ,^? ' 


2746 

5 , 831 

296 

1183 

71 . 


.67 

10,134 

11,157 

1075 

4299 

7,58Q 

624 

2496 

72 


.67 

10,662 

11,727 

1297 

5186 

8,269 

822 

3285 

73 


.67 

11,178 

12,307- 

1493 

5968 

9,054 

996 

3904 

74 


.67 

11.750 

12.945 

1733 

6930 

10.013 

1217 

4867 

75 

50,000 

0.67 

9,063 

9,967 

461 

2974 

6068 

237 

1530 

76 


.67 

9,975 

10,982 

640 

4128 

V207 

386 

2490 

77 


.67 

10,602 

11,662 

766 

4940 

8024 

489 

3150 

78 


.67 

11,103. 

12,224 

900 

8806 

8891 

610 

3934 

79 


.67 

11,720 

12,903 

1065 

6867 

9953 

764 

4927 
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CORRECTED TO KACA STAITOARD SEA-LEVEL ATMOSPHERIC C0HDITI0K3 
glmulatad operating conditions! ■■■■ .. . -i ' 


Air flow . 
( lb/s«c ) 

. Fuel flow 
(Ib/^) 

Engine 

combustion 

efriclenoy 

Ket-thrust specific 
fuel consumption 
(Ib/ChrXlb thrust)) 

Tail- pipe 
gas temi 

Indicated 

perature 


Altitude 

Corrected 

8 

Altitude 

Wf 

Corrected 

Wf 

5.^/0■ 

Altitude 

"r/^ix 

Corrected 

J-iW* 

Altitude 

^6.1 

Corrected 

T6,i/e 

39.62 

45.95 

50.32 

52.25 

59.25 
66.35 
69.39 
74.99 

30.79 

35.63 

38.91 

40.40 

45.81 

51.30 

65.65 

67,98 

675 

864 

1053 

1099 

1388 

1640 

1784 

2511 

408 
615 
747 
780 
986 
1306 
1266 
1782 ■ 

77 .37 

84.94 

88.92 

93.50 

97.66 

95.18 . 

99.25 

91.65 

■ 

5.203 

5.653 

2.586 

886 

963 

1026 

1034 

1093 

1165 

1142 

1224 


1 

37.79 
51.10 
er.42 

72.79 
77.41 
62.05 

’40.69 

65.43 

73.15 

78.96 

03.97 
88,98' 

8Si 

1518 

2573 

3^4 

3832 

4809 

g?T 

1409 

2751 

3436 

4097 

6141 

:S6.lo 

75.44 
97.62 
97.42 
99.56 
98.91 . 

4.435 

1.771 

1.610 

1.501 

1.466 

4.403 

1.766 

1.998 

1.490 

1.465 

967 

1078 

1296 

1400 

1511 

1666 



^.91 

37.70, 

47.39 

51.61 

55.12 

58.26 

"42.'05- 

68.91 

74.83 

60.64 

86.12 

91.06 

946 
‘ 1079 
1857 
2349 
2912 
3513 

— rii8 — 

1794 

3067 

3905 

4842 

5842 

68.27 

86.43 

96.20 

98.09 

96.37 

97.82 

j 




1 

24.35 
28.44 

30.25 
31.68 
32.93 
14.92 
22.41 
30.51 

32.77 
34.13 
35.73 

24.55 

26.30 

31.04 

35.56 
34.49 
58.02 

39.77 
41.33 
40.96 

40.21 

22.31 

25.62 
27.84 
32.07 
34.75 
36,66: 

39.04 ' 
42.29 

44.62 
31.09 

36.56 
41.82 
45.01 

49.11 

50.35 

35.99 

34.11 
41.17 

48.04 
50.65 
51.40 
54.90 , 

57.99 
66.86 

40.26 

55.21 
58.80 

S'V.Jfi 

70.12 

81.90 
87.09 
91.21 
94.33 
39.76 
59.69 

81.27 

87.27 

90.90 

95.15 
56 .97 

61.03 

72.03 
82.52 

80.05 
88.23 

92.29 

95.91 

96.05 

93.32 

46.01 

52.04 
67.41' 
66.13 
71.66 

. 75.39 
80.61 
87.20 

92.01 
56.38 

66.29 
75.84 
81.63 
89.07 

91.32 

67.19 

64.20 
65.42 

76.35 
80.49 
81.68 
87.25 1 

92.16 

90.36 

63.27 
■ 73.05 

77.80 

992 

1200 

1425 

1730 

2070 

728 

695 

1315 

1558 

1867 

2223 

719 

1536 

2367 

576 

796 

776 

941 

1195 

1437 

1794 

2196 

27S2 

806 

1092 

1536 

2052 

2660 

2979 

860 

680 

1064 

1756-- 

2479 

2173 

2767 

3773 

5339 

664 

1799 

2249 

3179 
3560 
4293 
5097 
6187 
7406 
2347 
2886 
' 4240 
5022 
6017 
7167 
1930 

4121 

6353 
1321 
1823 
1776 
2157 
2739 
3293 
4111 
6032 
€307 1 

1558 ! 

2110 1 
2967 
3964 I 

5140 1 

5757 
1393 
1101 
1727 
2844 
4016 
3519 
4466 
6111 
5409 
843 
2283 
2854 

75.62 

88.60 

100.70 

101.73 

100.96 

101.02 

67.56 

74.84 

92.77 
96.18 
98.06 

100.02 

70.88 

94.87 

100.20 1 
66. 

63.78 
76.28 

91.61 
92.46 i 

95.00 j 

96.09 1 

98.00 

97.85 , 
72.38 

110.91 

94.61 
97.42 
96.08 
97.95 

99.62 

77.87 
94.24 
97. Od 
96-74 
90.22 
98.74 

100.28 

98.48 

74.92 

97.52 

96.99 

1.963 

1-604 

1.253 

1.148 

1.180 

l,2Qf7 

7.531 

3.420 

1.614 

1-383 

1.324 

1.286 

6.202 

1.336 

1,366 
113.8 
7.060 
3.752 
1.795 
1.620 
. 1.454 

1.320 
1.393 
1.375 
23.58 

5.003 
1.789 
1.634 
1.475 
1.475 

7.004 

2.314 

1.673 

1.4 25 
1.605 
1.618 
1.480 
1.479* 

1.939 

1.681 

2.188 
1.788 
1.397 
1-279 
1.316 
1.345 
8.065 
3 .772 

i.eee 

1.521 

1.457 
1.417 
5.594 

1.437 

1.458 
120.0 

7.440 

3.965 

1.892 

1.708 

1.533 

1.391 

1.469 

1.460 

24.34 

3.182 

1.847 

1.583 

1.523 

1.522 
7.071 

2.336 

1.689 

1.439 

1.620 

1.633 

1.494 

1.493 

1.899 

1.646 

1116 
1161 
1286 
1387 
1520 
1669 
1010 
L047 
1248 
1367 . 
1605 
1657 
931 
955 
1063 
1226 
1306 
1361 
1467 
1647 
1661 
1611 
825 
860 
911 
1016 
1118 
1226 
1360 
1475 
1663 
881 
1014 
1198 
1386 
1549 
1628 
869 
836 
1017 
1236 
1469 
1350 
1501 
1796 
1660 
802 ' 
1191 
' 1307 

1385 

1443 

1598 

1724 

1889 

2074 

1222 

1267 

1510 

1642 

1821 

2005 

1077 

1104 

1218 

1418 

1610 

1574 

1697 

1?05 

1909 

1863 

917 

978 

1013 

1129 

1239 

1362 

1612 

1639 

1037 

939 

1061 

1277 

1477 

1661 

1735 

866 

852 

1037 

1267 

1497 

1376 

1650 

1831 

1682 

769 

1143 

1254 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 
63 
54 
65 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 
69 

“ 15.33“' 
22.31 
23.51 
24.54 
25.63 

— 707IS 

81.01 

85.38 

89.12 

93.10 

1174 

1351 

1625 

1798 

— 395 ? 

5168 

5948 

6713 

7916_ _ 

feiTfeo 

75.32 

79.88 

86.36 

89.84 

3.066 

1.880 

1.644 

1.630 

1.477 

3^376 

2.070 

1.810 

1.684 

1.626 

nsi 

1236 

1355 

1499 

1667 

15^5 

1498 

1642 

1817 

2021 

70 

71 . 

72 

73 

74 

11.07 

12.67 

13.75 

14.35 

14.88 

64.85 

73.69 

60.43 

84. 

. 87.15 

685 

785 

918 

'1112 

1315 

4863 

5570 

6615 

7896 

9333 

52.01 
64.61 
69.13 
70 ..60 
73.88 

■ 2-887. 

2.031 . 
1.878 
1.823 
1.720 

3.170 
2-236 ■ 
2.068 
2.007 
1.894 

1006 

1245 

1355 

1509 

1694 

1317 

1609 

1643 

1829 

2053 

Vs 

76 

77 

78 

79 
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TABLE IV - ALTITUDE 


Point 

Average 

correc- 

ted 

engine 

speed 

(rpm) 

N 

Average 

flight 

Mach 

number 

Mq 

Alti- 

tude 

(ft) 

Inlet 

total 

tem- 

pera- 

ture 

Tl 

(°H) 

Inlet 

total 

pras- 

sui*e 

Pi 

z' lb A 

Correc- 
ted jet 
thrust 
P./5 

(lb) 

Correc- 
ted Jet- 
thrust 
param- 
eter 

Correc- 
ted air 
flow 

WaVe 

B 

f 

Correc- 

ted 

fuel 

flow 

Wf 

Correc- 

ted 

tail- 

pipe 

temper- 

ature 

(°R) 

6 rsj~^ 

m 

Vsq fv 

6 

m 

1 

11,750 

0,37 

10,000 

510 

1600 

5002 

8790 

87.35 

5194 

1700 

2 



20,000 

526 

1066 

4899 

8667 

86.04 

5326 

1696 

5 



30,000 

530 

688; 0 

4841 

8629 

84.57 

5366 

1709 

4 



40,000 

529 

427.2 

4852 

8640 

84.63 

5485 

1703 

5 



50,000 

524 

262.9 

4683 

8471 

80.86 

5618 

1728 

6 ■ 



To,oTO“ 

524 

1885 

5594 


85.28 

5250 

TTOB 

7 



20,000 

529 

1266 

5506 

8711 

85.77 

5255 

1695 

8 



30,000 

518 

826 . 7 

5426 

8631 

85.53 

5226 

1693 

9 



40,000 

517 . 

507.5 

5342 

8547 

83.85 

5283 

1700 

10 



50,000 

526 

315.1 

5241 

8446 

83.02 

5379 

1695 

11 



60.000 

523 

197.2 

• 5111 

8316 ■ 

81.64 

5713 

1710 


11,750 

0.91 

20,000 

52o 

l446 

533? 

8765 

86.28 

5140 

17^)7 




30,000 

528 

1077 

6319 

8770 

85.14 

5236 

1690 




40,000 

529 

665 

6325 

8776 

85.07 

5276 

1685 

15 



50,000 

522 

412 

6196 

8647 

83.12 

5313 

1687 

16 



60,000 

532 

245 

5988 

8439 

81.48 

5572 

1719 

17 



65,000 

1 535 

192 

5922 ' 

8373 

80.63 

5622 

1730 

18 

10,600 

0.S7 

10,000 

527 

1601 

”5’5S? 

7312 

76.06 

3581 

1445 

19 



20,000 

525 

1073 

3435 . 

7223 

76.15 

3534 

1441 

20 



30,000 

• 519 

705.6 

3359 

7147 

75.15 

3485 

1441 

21 



40,000 

i 524 

430.6 

3302*. 

7090 

74.32 

3717 

1468 

22 



50,000 

528 

262.3 

3333 

7121 

70.44 

3940 

1501 

23 



60,000 

' 536 

163.4 

3111 

6899 

' 66.59 

4680 

1576 

24 

lo,6d0 

0.62 ' 

10,000 

522 

1899 

! T89l 

7096 

77,70 


1374 

25 



20,000 

521 

1265 

3891 

7096 

I 77.81 

3373 

1384 

26 



[ 30,000 

522 

826.0 

3857 

7062 

78.28 

3395 

1374 

27 



40,000 

525 

509.1 

3773 . 

6978 

76.02 

3475 

1382 

28 




524 

314.3 

3696 

6901 

73.53 

3544 

1407 

29 


/ 


528 

190.1 

i 3615 

6820 

70.79 

4146 

1448 

30 

10,600 

0.91 


! 51^ 

1646 


70^2 

77.87 

^ 3604 

iSfes 

31 



50,000 

1 516 

1077 

4592 

7043 

77.61 

3282 

1353 

32 



40,000 

1 518 

664.1 

4601 

1 7052 

76.70 

3343 

1362 

33 



50,000 

532 

412.4 

4486 

6939 

75.63 

3431 

1366 

34 



60,000 

522 

245.4 

4404 

6855 

73.25 

1 3816. 

1397 

35 



65,000 
1 , J 

525 

i 203.7 

4302 

^ : — 

6753 

72.13 

5921 

1411 
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CORRECTION-FACTOR DATA 


Rern- 

aids 

num- 

ber 

index 

6 


^ j+PO^S 

Wa/s/9 


^6.1 

Com'bus- 
tlon 
effi- 
c lency 
% 


f^t% \ 

Point 


"S' 




Wa/v/^Alt 

(Pj+PoA0)si, 

('WaJSL 

)sL 




0.7561 

1.0004 

1.0011 

1.012 

0.9B56 

1.000 

1.021 

1.0006 

0.9887 

1 

.S038 

.9798 

• 9894 

.9981 

1.011 

.9976 

.990 

• 9949 

.9968 

2 

.3251 

.9682 

. .9828 

.9811 

1.018 

1.0053 

.980 

.9923 

1.011 

3 

.2019 

.9704 

.9840 

.9818 

1.041 

1.0018 

.958 

.9915 

1.010 

4 

• 1242 

.9366 

.9648 

.9381 

1.066 

1.0165 

.925 

..9806 

1.045 

5 

0.8908 

1.0079 

1.0045 

X.OOl 

1.014 

"TTOoS'S" 

1.016 

1 . 0032 

1.002 

6 

.5983 

.9921 

.9944 

.9950 

1.014 

1.0012 

1.002 

.9898 

.9948 

7 

.3907 

.9777 

.9853 

• 9922 

1.009 

1.000 

.995 

.9774 

.9851 

8 

• 2398 

.9625 

.9757 

.9727 

1.020 

1.004 

.975 

.9682 

.9954 

9 

.1489 

.9443 

. 9642 

.9631 

1.038 

1.0012 

.956 

.9665 

1.004 

10 

.0932 

• 9209 

.9493 

.9470 

1.103 

1.010 

.890 

.9558 

1.009 

11 

0.7779 

0.9990 

i.'baOS " 

0.9974 

0.9923 

l.OlO 

1.6S4 

0.9§6'/” 

1.001 

12 

.5090 

• 9966 

.9989 

.9957 

1.011 

1.000 

.991 

. 9846 

• 9889 

13 

.3143 

.9976 

• 9995 

.9950 

1.019 

.9970 

.979 

.9801 

.9850 

14 

.1947 

.9773 

.9846 

.9722 

1.026 

.9982 

.950 

1 .9577 

.9851 

15 

.1158 

• 9445 

.9612 

.9530 

1.076 

1.0172 

.922 

.9748 

1.023 1 

16 

.0907 

.9341 

.9536 

.9430 

1.085 

1.024 

.883 

1 .9419 

•9988 1 

17 

0.7566 

1.009 

1.0058 

1.001 

1.023 

1.000 

0.997 

1 1.0028 

1.008 

18 

.5071 

.9891 

.9935 

1.002 

1.010 

.9972 

1.001 

! .9938 

.9918 

19 

.3335 

.9680 

.9831 

.9888 

.9957 

.9972 

.979 

. 9584 

•9693 1 

20 

• 2035 

.9515 

.9752 

.9779 

1.062 

1.0159 

• 950 

• 9919 

1.014 

21 

.1240 

.9605 

.9795 

.9268 

1.126 

1.0388 

.901 

.9972 

1.076 I 

22 

.0772 

• 8965 

.9490 

* .8762 

1.337 

1.091 

.778 

1.0228 

1.167 

23 

0.8974 

0.0977 

1.O008 “ 

0.0787 

1.000 

i.Ooi 

0.998 

1 O.d049 

I75I6S 

24 

• 5978 

.9977 

1.0008 

1.000 

1.007 

1.008 

1.002 

i 1.0060 

1.006 

25 

.3904 

• 9689 

.9961 

1.006 

1.013 

1.001 

.989 

^ .9994 

.9944 

26 

.2406 

.9674 

.9842 

.9771 

1.037 

1.007 

• 958 

.9908 

1.015 

27 

.1485 

.9477 

.9733 

.9451 

1.058 

1.025 

.936 

.9872 

1.045 

28 

.0898 

.9269 

.9619 

.9099 

1.238 

1.055 

.804 

• 9920 

1.090 

29 

0.7779 

"07995r 

0.9989 

1.001 

1.010 

.1.004 

0 . 990 

1.0034 

1.062 

30 

.5090 

.9875 

.9920 

.9976 

1.004 

1.001 

.988 

.9948 

.9972 

31 

.3138 

.9895 

.9932 

• 9859 

1.022 

1.001 

.962 

.9865 

1.001 

32 

.1947 

.9652 

.9773 

.9721 

1.049 

1.011 • 

.938 

.9871 

1.015 

33 

.1158 

.9471 

.9655 

.9415 

1.167 

1.034 

.857 

1.0031 

1.065 

34 

..0964 

.9252 

.9511 

.9271 

1.199 

1.044 

.806 

4 9693 

1.046 i 

35 
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® Kiermooouple 




1 


1 

1 


■ 


Tota 1-pressure-pro’be 
de-fcalls 



O Total- pressure 
probe 

® Thermocouple 


(b) Cc«npressor Inlet^ station 2 ; inatrurQentatic 


Figure 3. - 3)otalls of 


HACA EM E51307 



£U2 





(a.) Campressor outlet, station 3j typical 


J’lgure' 3. - Ccntlmisd. - Details of 
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9 IbermocoupZe 


(f) Dlffuser-oiitlei; theMaocouplea; statloa 5. 
figure 3. - Continued. ~ Details of instrumentatiooi. 
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JFl^ure 3« - Concluded* Betalle cf luatiruiDeiitation. 
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Jet thrust 
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1 — J 
CV3 



Figure 4. - Effect of altitude on Jet thrust. Flight Mach num- 
ber 0.67. 



Net thrust 
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Figure 5. - Effect of altitude on net thrust. Flight Mach num- 
ber, 0.67. 
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Engine speed, N, rpm 


Plgtire 6. - Effect of altitude on air flow. Flight Mach num- 
ber, 0.67. 


I 




Fuel flow, Wf., Ib/hr 
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SHIS 



Aet-thrust specific fuel consumption, W^p/F^, lb/(hr)(lb thrust) 


NACA EM E51307 



Figure 8. - Effect of altitude on net- thrust specific fuel con- 
sumption.' Flight Mach number, 0.67. 
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Figure 91 - Effect of altitude on tail-pipe temperature. Flight 

Mach number, 0.67. 
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Jet thrust 
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4000 6000 8000 10,000 12,000 14,000 

Engine speed, N, rpm 


. - Effect of flight Mach number on Jet thrust . Alti- 
tude, 30,000 feet. 


Figure 10 



Net thrust 
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Figure 11. - Effect of flight Mach number on net thrust. Alti- 
tude, 30,000 feet. 
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1-1 

(M 



Figure 12. - Effect of flight Mach number on air flow. 
Altitude, 30,000 feet. 



42 


MACA EM E5IB07 



Flg\are 13. - Effect of flight Mach number on fuel flow. 
Altitude, 30,000 feet. 
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Net thrust specific fuel consumption, W^/P^j lh/(hr)(lb thrust) 


MACA EM E5IB07 



Figure 14. - Effect of flight Mach number on net-thrust specific 
fuel consumption. Altitude, 30,000 feet. 





Tail-pipe indicated temperature. 
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Engine speed, N, rpm 

Pig\ore 15. - Effect pl* flight Mach nuTtiher on tail-pipe temperature. 

Altitude, 30,000 feet. . 


Corrected Jet thrust, FV6, lb 
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f— I 
CV3 
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Figure 16. - Effect of altitude on corrected Jet thrust. Plight 

Mach number, 0.67. 



Corrected net thrust, Pjj/B, lb 
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Figure 17, - Efrect of altitude on. corrected net thrust* Plight Mach 

number, 0.67. 



Corrected air flow, WaVF/d, Ib/sec 



Corrected fuel flow, W^/bV^, Ib/hr 
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Corrected net -thrust specific fuel consumption, Wf/P^V^ lb/(hr)(lh thrust) 
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Figure 20. - Effect of altitude on corrected net-thrust specific 
fuel consumption. Plight Mach number, 0.67. 
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Figure 23. - Effect: of flight Mach n\Jmbe“r oh collected jet-thrust 
parameter. Altitude, 30,000 feet. 
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Figure 24. - Effect of flight Mach number on corrected air flow. 

Altitude, 30,000 feet. 



Corrected fuel flow, Ib/hr 
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- Effect jQf_.f light Mach number on, corrected fuel flow. 
Altitude, 30,000 feet. 


Figure 25. 
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Engine combustion efficiency, 7)^, percent 
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Corrected tail-pipe indicated tempera tiire , 


56 


MCA 151307 



Figure 27. - Effect of flight Mach number on corrected tail-pipe 
Indicated temperature. Altitude, 30,000 feet. 
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Figure 28, - Ratio of actual to predicted air flow. 
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Figure 30, Ratio of actual to predicted fuel flow. 
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Figure 31. - Ratio of fuea burned to predicted fuel flow with unity combustion efficiency 
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Figure 32. - Ra'Cio of actual to predicted tail-pipe temperature. 
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Figure 34. - Correlation of combuetion efficiency with engine operating conditions. 
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